We report the first detailed electrooptical characterizations of the nematic (N) phase of a banana liquid crystal, i.e., pretilt angle, and optical and dielectric anisotropies, and point out the difference from those of rodlike molecules.
Introduction
Most of the display devices make use of nematic (N) liquid crystals (LCs) made of rodlike molecules. The discovery of electrooptical switching in banana LCs has also created enormous interest in this field. 1, 2) Recently, a new LC display mode has been demonstrated by Shimbo et al., 3) using a banana LC. On the other hand, so far, there are not many reports about the determination of the physical properties of these materials because of the poor alignment. Here we report the measurement of pretilt angle, birefringence and dielectric constant in the N phase of a banana LC.
Expe riments
The chemical structure of the compound is shown in Fig. 1 . T he details of the synthetic scheme were reported earlier. 4) T he compound exhibits the phase sequence Cry 99.6 B2 114.5 N 119.5 Iso, as observed sing a polarizing microscope upon cooling. We employed a conventional crystal rotation method (CRM) for measuring pretilt angle, 5) which is generally used for uniaxial N liquid crystals made of rodlike molecules. Here, pretilt angle is defined as the angle of the average optical axis of the molecules relative to the substrate surface.
The variation in the birefringence of the sample was measured using a polarizing spectrophotometer (ORC, T FM-120AFT-PC) as a function of temperature in the N phase.
The dielectric measurements were conducted with an impedance analyzer (Yokogawa-Hewlett-Packard, 4194A) using homogeneous (e^) and homeotropic (e II ) cells.
Results and discussion
The textures of the N phase under cross polarizers are shown in Fig. 2 . T he complete darkness in Fig. 2(a) indicates that the major molecular axis aligns well along the rubbing direction. On the other hand, Fig. 2(b) was not completely bright, and completely dark view was not observed in Fig. 2(c) . These are attributed to the molecular biaxiality and the resultant macroscopic biaxial order. In Fig.  2(d) , when a layer structure was formed in the B2 phase (111 o C), schlieren tecture was visible owing to the biaxiality.
As shown in Fig.3 , it is found that the pretilt angles of banana LCs are extremely small with the alignment layer (Nissan, SE 7492), which generally yields large pretilt angles for calamitic liquid crystals. Such a small pretilt angle may originate from the presence of long flexible alkyl chains on both sides of the bent core and/or from a transverse dipole. Finally, we show the results of the dielectric measurements in Fig. 6 . The negative anisotropy originates from carbonyls and substituted F atoms. When the phase transition from N to B2 takes place, e^ increases, whereas e II decreases. The increase in e^ originates from the cooperative response of molecular dipoles due to molecular close packing in smectic layers. The decrease in e II is caused by the tilt of molecules with respect to the smectic layer normal, keeping the molecular transverse dipoles parallel to the smectic layer (perpendicular to the applied electric field). 
